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HANDHELD LASER LIGHT DETECTOR
WITH HEIGHT CORRECTION, USING A GPS
RECEIVER TO PROVIDE
TWO-DIMENSIONAL POSITION DATA

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to provisional
patent application Ser. No. 60/830,282, titled “HANDHELD 10
LASER LIGHT DETECTOR WITH HEIGHT CORREC-
TION,” filed on Jul. 12, 2006; and claims priority to provi-
sional patent application Ser. No. 60/906,362, titled “HAND-
HELD LASER LIGHT DETECTOR WITH HEIGHT
CORRECTION, USING A GPS RECEIVER TO PROVIDE 15
TWO-DIMENSIONAL POSITION DATA,” filed on Mar.
12, 2007.

TECHNICAL FIELD
20
The present mnvention relates generally to laser receivers
and 1s particularly directed to laser recervers of the type which
are used on construction jobsites for measuring relative eleva-
tion. The mvention 1s specifically disclosed as a laser receiver
that includes an automatic height correction capability, which 35
can be detected by a combination of laser distance measure-
ment device, and a gravity sensor or level detection device.
The mvention 1s also disclosed as a laser recerver with an
automatic height correction capability, and further 1s com-
bined with a Global Positioning Sensor (GPS) receiver to 3¢
acquire two-dimensional position data for the horizontal
plane, and in combination thus provide a more accurate three-
dimensional position “fix.”

BACKGROUND OF THE INVENTION 35

The measurement of relative elevation 1s an important ele-
ment 1n almost any phase of a construction project. In the last
tew decades, the use of laser reference planes has grown as a
way to satisly this demand for accurate elevation information. 4
The laser plane 1s created by a laser transmitter. A variety of
methods are used to do this, but one of the most common 1s a
rotating beam of light. The laser transmitter 1s typically
placed at a known elevation. The plane of light 1s frequently
set up to be level with respect to gravity so that all points on 45
the laser plane are at the same elevation.

To use this laser plane to measure the elevation of a point,

a worker will mount a laser recerver on a pole or a handle. The
bottom of the pole/handle will rest on the point whose eleva-
tion will be measured. However, the pole/handle must be held 50
plumb with respect to gravity. The laser receiver 1s positioned

in the plane of laser light such that 1t indicates an on-grade
position. The relative elevation can then be read as the length

of the pole/handle between the point being measured and the
on-grade position of the receiver. Many different pole/handle 55
designs are available to make this job easier. Most provide an
casy height adjustment and a scale that can be read at a
convenient height for the worker.

While these methods are widely used, there 1s room for
improvement. The pole/handle 1tself can be expensive and 60
less rugged than users desire. Much care must be taken to
assure accurate measurements. Some points on a jobsite are
inaccessible for measurement by this method, so 1t can be
seen that there are limitations to that methodology.

In addition to the above, the use of GPS receivers for survey 65
and machine control 1s well known 1n the field of construc-
tion. However, due to technical limitations 1n GPS recervers,

2

the vertical accuracy is at least a factor of two (2) worse than
the accuracy in the plane parallel to the Earth’s surface. Fre-
quently, the vertical dimension 1s the most important, so there
1s an 1ncentive to improve this.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an advantage of the present invention to
provide a laser recetver unit that includes a laser distance
measurement device for measuring the distance from a laser
plane of a desired elevation to a desired physical target point
to be measured on a job site.

It 1s another advantage of the present invention to provide
a laser receiver unit that 1s combined with a gravity reference
device, so that the laser recerver unit does not necessarily have
to be held plumb to a desired target point, when determining
the relative elevation of the laser receiver between a rotating
beam of laser light and the target point.

It 1s yet another advantage of the present ivention to
provide a laser recerver unit that includes both the laser dis-
tance measurement device and a gravity reference device, and
also has the capability of automatically acquiring samples of
positions of the laser receiver with respect to a rotating beam
of laser light and with respect to a desired target point on a job
site, and which can automatically take a vertical measurement
and store that result for later readout to a human user.

It 1s still another advantage of the present mvention to
provide a laser recerver unit that 1s combined with a height
correction device and with a GPS receiver; the laser receiver
can accurately determine the relative elevation between a
rotating beam of laser light and the target point, and the
vertical accuracy of the laser receiver with height correction 1s
greater than what can be achieved by a GPS recerver alone, so
the result 1s an instrument that provides a more accurate
three-dimensional position fix.

Additional advantages and other novel features of the
ivention will be set forth 1n part 1n the description that
follows and in part will become apparent to those skilled 1n
the art upon examination of the following or may be learned
with the practice of the invention.

To achieve the foregoing and other advantages, and 1n
accordance with one aspect of the present invention, a laser
light recerver 1s provided, which comprises: a housing; a first
laser light photosensor, which generates a first signal 1f
receiving a beam of laser light energy from an external laser
light source; a visible readout to indicate 11 the laser light
receiver 1s substantially on-grade with respect to the beam of
laser light energy; a visible light marker; a distance measuring
device that uses a second laser light source and a second laser
light photosensor, the distance measuring device being used
to substantially determine a first distance between the second
laser light photosensor and a predetermined external position,
as selected by a user of the laser light receiver apparatus while
aiming the visible light marker, the second laser light photo-
sensor generating a second signal 1f receiving reflected laser
light energy from the second laser light source; a level vial;
and a processing circuit that receives the first signal and the
second signal; wherein the housing, the first laser light pho-
tosensor, the distance measuring device, the level vial, the
visible readout, and the processing circuit are assembled as a
unitary hand-held apparatus.

In accordance with another aspect of the present invention,
a laser light receiver 1s provided, which comprises: a housing;
a first laser light photosensor, which generates a first signal 1f
receiving a beam of laser light energy from an external laser
light source; a visible readout to indicate 11 the laser light
receiver 1s substantially on-grade with respect to the beam of
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laser light energy; a visible light marker; a distance measuring
device that uses a second laser light source and a second laser
light photosensor, the distance measuring device being used
to substantially determine a first distance between the second
laser light photosensor and a predetermined external position,
as selected by a user of the laser light receiver apparatus while
aiming the visible light marker, the second laser light photo-
sensor generating a second signal 1f receiving retlected laser
light energy from the second laser light source; a gravity
sensor that generates a third signal that 1s substantially indica-
tive of an angular orientation of the housing with respect to
gravity; and a processing circuit that receives the first signal,
the second si1gnal, and the third signal; wherein the housing,
the first laser light photosensor, the distance measuring
device, the gravity sensor, the visible readout, and the pro-
cessing circuit are assembled as a unitary hand-held appara-
tus.

In accordance with yet another aspect of the present inven-
tion, a laser light receiver 1s provided, which comprises: a
housing; a first laser light photosensor, which generates a first
signal 1f receiving a beam of laser light energy from an exter-
nal laser light source, the first signal being indicative of a
second distance between the beam of laser light energy and an
on-grade position of the laser light receiver; a visible light
marker; a distance measuring device that uses a second laser
light source and a second laser light photosensor, the distance
measuring device being used to substantially determine a first
distance between the second laser light photosensor and a
predetermined external position, as selected by a user of the
laser light receiver apparatus while aiming the visible light
marker, the second laser light photosensor generating a sec-
ond signal 11 recerving reflected laser light energy from the
second laser light source; a gravity sensor that generates a
third signal that 1s substantially indicative of an angular ori-
entation of the housing with respect to gravity; a visible
readout to 1indicate a relative elevation; and a processing cir-
cuit that receives the first signal, the second signal, and the
third signal; wherein the housing, the first laser light photo-
sensor, the distance measuring device, the gravity sensor, the
visible readout, and the processing circuit are assembled as a
unitary hand-held apparatus.

In accordance with still another aspect of the present inven-
tion, a laser light receiver 1s provided, which comprises: a
housing; a first laser light photosensor, which generates a first
signal 1f receiving a beam of laser light energy from an exter-
nal laser light source, the first signal being indicative of a
second distance between the beam of laser light energy and an
on-grade position of the laser light receiver; a visible light
marker; a distance measuring device that uses a second laser
light source and a second laser light photosensor, the distance
measuring device being used to substantially determine a first
distance between the second laser light photosensor and a
predetermined external position, as selected by a user of the
laser light receiver apparatus while aiming the visible light
marker, the second laser light photosensor generating a sec-
ond signal 1f receiving reflected laser light energy from the
second laser light source; a GPS (global positioning sensor)
receiver that generates a third signal that 1s indicative of a
position with respect to the Earth’s surface; a tilt indication
device; a visible readout to indicate a relative elevation
between the predetermined external position and the beam of
laser light energy; and a processing circuit that receives the
first signal, the second signal, and the third signal; wherein:
(a) the housing, the first laser light photosensor, the distance
measuring device, the tilt indication device, the visible read-
out, the GPS receiver, and the processing circuit are
assembled as a unitary hand-held apparatus; and (b) the pro-
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4

cessing circuit 1s configured to: (1) use the third signal 1s to
substantially determine a position in the horizontal plane with
respect to the Earth’s surface, and (11) use the first and second
signals to substantially determine the relative elevation, based
upon the first distance and the second distance.

In accordance with a further aspect of the present inven-
tion, a method for determining an elevation 1s provided, in
which the method comprises the following steps: providing a
laser light receiver having: a housing, a first laser light pho-
tosensor that generates a first signal 1f recerving a beam of
laser light energy from an external laser light source, a visible
readout, a visible light marker, a distance measuring device
that uses a second laser light source and a second laser light
photosensor, a level vial, and a processing circuit; aiming the
visible light marker at a predetermined external position,
while holding the housing at a substantially level orientation,
as indicated by the level vial; determining substantially a first
distance between the second laser light photosensor and the
predetermined external position, by use of the distance mea-
suring device; determining substantially a second distance of
the laser light receiver with respect to the beam of laser light
energy; and determining substantially a relative elevation
between the predetermined external position and the beam of

laser light energy, based upon the first distance and the second
distance.

In accordance with a yet further aspect of the present inven-
tion, a method for determining an elevation 1s provided, in
which the method comprises the following steps: providing a
laser light recetver having: a housing, a first laser light pho-
tosensor that generates a first signal 1f receiving a beam of
laser light energy from an external laser light source, a visible
readout, a visible light marker, a distance measuring device
that uses a second laser light source and a second laser light
photosensor, a gravity sensor which generates a tilt-angle
signal that 1s substantially indicative of an angular orientation
ol the housing with respect to gravity, and a processing cir-
cuit; aiming the visible light marker at a predetermined exter-
nal position, while holding the housing at a user-desired ori-
entation; determining substantially a first distance between
the second laser light photosensor and the predetermined
external position, by use of the distance measuring device;
determining substantially a second distance of the laser light
receiver with respect to the beam of laser light energy; and
determining substantially a relative elevation, based upon the
first distance and the second distance.

Still other advantages of the present invention will become
apparent to those skilled in this art from the following
description and drawings wherein there 1s described and
shown a preferred embodiment of this invention 1n one of the
best modes contemplated for carrying out the mnvention. As
will be realized, the mmvention 1s capable of other different
embodiments, and 1ts several details are capable of modifica-
tion 1n various, obvious aspects all without departing from the
invention. Accordingly, the drawings and descriptions will be
regarded as illustrative 1n nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings incorporated in and forming
a part of the specification illustrate several aspects of the
present invention, and together with the description and
claims serve to explain the principles of the invention. In the
drawings:

FIG. 1 1s a diagrammatic view of a laser receiver unit as
constructed according to the principles of the present mnven-
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tion, being held by a human user, and intercepting a rotating,
beam of laser light, to determine a vertical distance to a
predetermined target.

FIG. 2 1s a diagrammatic view of a laser receiver unit as
constructed according to the principles of the present mnven-
tion, being held by a human user, and 1ntercepting a rotating,
beam of laser light, to determine a vertical distance to a
predetermined target, 1n which the photodetector of the laser
receiver unit 1s such that it does not need to be on-grade with
the laser light beam, but merely needs to intercept that laser
light beam anywhere within the photosensor’s receiving
range.

FIG. 3 1s a diagrammatic view of a laser recetver unit as
constructed according to the principles of the present mnven-
tion, being held by a human user, and intercepting a rotating
beam of laser light, to determine a vertical distance to a
predetermined target, in which the photodetector of the laser
receiver unit 1s such that it does not need to be on-grade with
the laser light beam, but merely needs to intercept that laser
light beam anywhere within the photosensor’s receiving
range, and further a gravity reference device 1s included 1n the
laser recerver unit to allow the recerver unit to be positioned at
an angle that 1s not plumb with respect to the desired target.

FI1G. 4 1s a diagrammatic view of a laser recetver unit as
constructed according to the principles of the present mven-
tion, being held by a human user, and intercepting a rotating,
beam of laser light, to determine a vertical distance to a
predetermined target, in which the photodetector of the laser
receiver unit 1s such that 1t does not need to be on-grade with
the laser light beam, but merely needs to intercept that laser
light beam anywhere within the photosensor’s receiving
range, and further a gravity reference device 1s included 1n the
laser recerver unit to allow the recerver unit to be positioned at
an angle that 1s not plumb with respect to the desired target,
and moreover the recerver unit has an automatic measurement
mode that allows the laser receiver unit to be placed in posi-
tions where the human user cannot necessarily see the display
of the receiver unit.

FIG. 5 1s a diagrammatic view of a laser recetver unit as
constructed according to the principles of the present mven-
tion, being held by a human user, and intercepting a rotating,
beam of laser light, to determine a vertical distance to a
predetermined target, in which the photodetector of the laser
receiver circuit 1s such that 1t does not need to be on-grade
with the laser light beam, but merely needs to intercept that
laser light beam anywhere within the photosensor’s receiving
range, and further a gravity reference device 1s included 1n the
laser recerver unit to allow the recerver unit to be positioned at
an angle that 1s not plumb with respect to the desired target,
and moreover the recerver unit has an automatic measurement
mode that allows the laser receiver unit to be placed in posi-
tions where the human user cannot necessarily see the display
of the receiver unit; furthermore, a Global Positioning Sensor
(GPS)recerver 1s included to detect a position 1n the plane that
1s parallel to the Earth’s surface, and that information 1is
combined with the vertical (elevation) information from the
laser recetver circuit to obtain a more accurate three-dimen-
sional position fix.

FIG. 6 1s a block diagram of the major hardware compo-
nents of a laser receiver unit, as constructed according to the
principles of the present invention, which can be used 1n the
distance measuring application depicted 1n FIG. 1.

FI1G. 7 1s a block diagram of the major hardware compo-
nents of a laser receiver unit, as constructed according to the
principles of the present invention, which can be used 1n the
distance measuring application depicted in FIG. 2.

10

15

20

25

30

35

40

45

50

55

60

65

6

FIG. 8 1s a block diagram of the major hardware compo-
nents of a laser recetver unit, as constructed according to the
principles of the present invention, which can be used 1n the
distance measuring application depicted 1n FIG. 3.

FIG. 9 1s a block diagram of the major hardware compo-
nents of a laser recerver unit, as constructed according to the
principles of the present invention, which can be used 1n the
distance measuring application depicted in FIG. 4.

FIG. 10 1s a block diagram of the major hardware compo-
nents of a laser recetver unit, as constructed according to the
principles of the present invention, which can be used 1n the
three-dimensional position measuring application depicted in

FIG. 5.

(L]
By

ERRED

DETAILED DESCRIPTION OF THE PR.
EMBODIMENT

Retference will now be made 1n detail to the present pre-
terred embodiment of the invention, an example of which 1s
illustrated 1n the accompanying drawings, wherein like
numerals indicate the same elements throughout the views.

The present mvention was concerved to address some of
the impertections of the method described 1n the above Back-
ground of the Invention. The present invention uses a laser
distance meter (an “LDM”) as part of a device that measures
the distance from the laser plane to the point to be measured.
Several embodiments of the invention are discussed below,
and 1nclude improvements that relax some of the rigorous
requirements of the conventional methods. By using a
receiver technology that allows accurate measurement of the
position of the laser strike over a large reception range, the
user can be freed of the necessity to hold the receiver exactly
on the on-grade position. By using an internal gravity refer-
ence, the user can be freed from the necessity of holding the
rod and receiver exactly plumb with respect to gravity. By
implementing an algorithm for taking measurements and
retaining them, the user can be freed from the constraint of
needing to see the display while the measurement 1s being
taken. Each of these individual aspects of the present inven-
tion can be utilized alone, or in combination with one another,
to provide an improved laser receiver device.

It should be noted that LDMs (laser distance meters) have
been available from a number of manufacturers. See, for
example, the Trimble model HD150. While some commer-
cially available systems work on direct measurement of time
of tlight, most systems modulate a beam of laser light elec-
tronically and measure the relative phase of the retlected light.
Typically, avalanche photodiodes are used as the light sen-
sors, enabling the system to measure distant or dark objects
casily, with no need for a special reflective target. LDM
products usually feature a visible laser marker to allow the
user to see exactly what point will be measured by the system.
(The visible laser marker emits a colored light beam that can
be pointed by the user directly at the object to be measured.)

A firstembodiment of the present invention involves a laser
receiver that 1s mtegrated with a laser distance meter into a
single package as a unitary device. A level bubble 1s included
in the unit to allow the user to plumb the LDM measurement
beam with respect to gravity. The laser receiver 1s a conven-
tional type which can accurately determine the position of the
laser plane at just one point, 1.e., the on-grade point.

A second embodiment of the present invention 1s similar to
the first unit, except the laser detector 1s of the type disclosed
in U.S. patent application Ser. No. 10/343,538, which 1s Pub-
lished Application US 2003/0174305 Al, now U.S. Pat. No.
7,110,092; also see, for example, a laser detector disclosed 1n
PCT publication WO 2006/048007 Al. The laser light sens-
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ing device 1s sometimes referred to by the inventors as a “rod
sensor,” 1n which a plastic or glass light conductor 1s used, 1n
the shape of a rod, and photosensors are provided at the ends
of the rod. This type of recerver allows accurate measurement
at any point 1n 1ts effective photocell range, which can be a
range of five mches or more.

A third embodiment of the present invention 1s similar to
the second unit, except 1t substitutes an electronic gravity
reference for a visual level bubble. This gravity reference
connects to the main position processor to allow 1t to math-
ematically compensate for out of plumb conditions.

A fourth embodiment of the present invention 1s similar to
the third unit, except that 1t incorporates a switch, and
includes a software algorithm that allows the user to place the
unit 1n a mode where 1t will take continue taking measure-
ments (as periodic samples) so long as certain conditions are
met. These conditions can include the following: (1) the grav-
ity reference 1s stable within a predetermined tolerance; and
(2) the laser recerver 1s receiving laser strikes at time intervals
that are within a predetermined “time window” tolerance.
When the conditions are no longer met, the last valid reading
1s retained, and can be utilized by the user to determine a
relative elevation.

A fifth embodiment of the present invention 1s similar to the
fourth unit, except that 1t incorporates a GPS recerver, which
by itself can provide a three-dimension positional fix. How-
ever, i GPS recetvers the vertical dimension (elevation or
altitude) 1s much less accurate than the horizontal plane
dimensions (longitude and latitude), and the laser recerver
circuit provides a much more accurate vertical position than 1s
possible with the GPS recerver alone. Therefore, the fifth
embodiment provides three-dimension positional informa-
tion that 1s quite accurate 1n all directions, by using a position
controller and control soiftware that acquires the longitude
and latitude data from the GPS receiver, but acquires the
clevation/altitude data from the laser receiver circuit (instead
of from the GPS receiver).

Referring now to the drawings, FIG. 1 diagrammatically
shows a possible use of the first embodiment of the present
invention. A user 5 1s holding a laser receiver unit 10 in the
transmitter laser plane 22 at the on-grade position (indicated
by a visual display 16), and 1s also watching the bubble of a
level vial 12 to insure that the housing of laser receiver unit 10
1s plumb. Finally, the user 1s also watching a “marker” laser
beam 18 on the ground to be sure that it 1s aimed on the desired
object 30 (or “target”) being measured. A button press (e.g.,
using a small pushbutton switch 32) takes the measurement.
More typically, the user would mount the laser recetver on a
pole to make it easier to hold 1t steady. Reference number 20
depicts a laser transmitter which generates the plane of light.
The rotating laser light plane 22 impacts on an array of pho-
tosensors 14, which typically are photodiodes.

FIG. 2 diagrammatically shows a user 5 operating the
second embodiment of the present invention. This arrange-
ment 1s quite similar to that depicted in FIG. 1, except that the
laser light plane 22 (output by a rotating laser transmitter 20)
does not 1ntersect the laser recerver unit 100 at the on-grade
position. With this type of laser receiver, the user need only
get the sensing portion of the laser recerver unit somewhere 1n
the rotating laser beam. The receiver 100 can use a different
style of photosensor 114, which 1s described below 1n greater
detail. However, the laser recerver unit’s housing is still held
plumb (using a level vial 12) and the marker laser 18 must fall
on the target 30. A button press (e.g., using a small pushbutton
switch 32) takes the measurement.

FIG. 3 diagrammatically shows a user operating the third
embodiment of the present mvention. In this embodiment,
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there 1s no visible level vial on the housing. Its function has
been taken over by an internal gravity reference device 246.
Because of this, the user 5 can hold the laser receiver unit 200
at an angle “A” with respect to plumb and still get accurate
results for the relative elevation. A button press (e.g., using a
small pushbutton switch 32) takes the measurement.

When 1n use, the user 5 presses an operator key 32 (or a
small pushbutton switch 32) when the marker laser beam 18
1s properly aimed at the selected target 30. At that moment,
the gravity reference sensor 246 will be detecting the angle A
with respect to the vertical (1.e., the plumb angle), and the
vertical distance “L”” can automatically be determined by the
laser distance measurement device 50 signal to the position
processor 240 (along with the knowledge of angle A).

In the laser recerver 200, the photodetector 114 can either
be an array of photocells, for example, or more preferably one
ol the rod sensors that 1s described below 1n greater detail.
This will allow the user to hold the laser receiver device 200
in a position that 1s not necessarily in the on-grade position,
but 1nstead the rotating laser light beam 22 merely needs to

intersect the photodetector 114 anywhere along its possible
sensing position capabilities.

FIG. 4 diagrammatically shows the user operating the
fourth embodiment of the present invention. In this embodi-
ment, the laser recetver unit 300 can be held over the user’s
head, possibly out of reach as well as out of sight. The umit
automatically takes repeated measurements as the user points
the marker laser 18 on the object 30 to be measured. Note that,
in this example, the user 5 could measure an object that would
be 1naccessible by conventional techniques, where visual
access to the laser recetver 1s blocked by an overhang, for
example. The user 3 listens to audible feedback being output
by a piezo-¢electric device 60 on the housing of laser receiver
unit 300 while the measurements are being made, and while
the user aims the marker laser beam 18 on the desired target
30. Once the user 3 has achieved a “good” measurement, the
laser recerver unit 300 can be removed from the laser light
plane 22, and the user 5 can then read the relative elevation
measurement now being displayed on a digital indicator 316.

When using the fourth embodiment of the present inven-
tion, generally designated by the reference numeral 300, the
user 5 1s not required to be able to visually see the actual
receiver 300 or any particular portion of the display 316.
Moreover, a special handle 350 can be attached to the housing
of recerver unit 300 to allow the user 5 to extend the recerver
unit 300 to an even greater elevation above the user’s head, or
to allow the user to place the receiver unit 300 1n a location
that would otherwise be difficult to get at due to other
obstacles. In any event, since there 1s a gravity reference
device 246 and a laser distance measurement device 50
included with the recerver unit 300, the user can automatically
determine the vertical distance “K” of recerver unit 300 as 1t
intersects the laser light plane 22 being generated by the
rotating laser transmitter 20. This measurement mode can be
made “fully automatic,” which will be discussed below in
greater detail.

FIG. 5 1s generally based upon the circuit design illustrated
in FIG. 4. However, a Global Positioning Sensor (GPS) cir-
cuit 1s added for the purpose of providing latitude and longi-
tude mformation. Of course, GPS circuits are capable of
providing mformation about the third dimension, elevation/
altitude, as well, and 1n the field of construction, the use of
GPS capabilities for survey and machine control 1s well
known. However, due to technical limitations in GPS receiv-
ers, the vertical accuracy 1s at least a factor of two (2) worse
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than the accuracy 1n the plane parallel to the Earth’s surface.
In construction work, the vertical dimension often 1s the most
important.

In FIG. 4, a special laser receiver position processor circuit
340 (see FIG. 9) was used to accurately measure the position
on a laser receiver 300 that intersects a laser plane. By also
measuring angle of the rod/handle 350 with respect to gravity,
the height of any point can be established to within millime-
ters. In FIG. 5, this capability 1s combined with a GPS
receiver 460 (see F1G. 10) to create the fifth embodiment laser
receiver unit 400, and using the GPS output data, a point can
be located in space within centimeters 1n any horizontal direc-
tion and within millimeters 1n the vertical direction. The laser
receiver’s position processor circuit 440 (see FIG. 10) will
use the corrected elevation data provided by the combination
ol the photodetector 114, gravity reference device 246, and
laser distance measurement device 50; and 1t will also use the
“horizontal plane” information provided by the GPS recerver
460, thus now being capable of determining 1ts position 1n all
three dimensions.

For example, a surveying application may directly use this
three-dimension positional information to store coordinates
corresponding to the location of various objects. A construc-
tion application may beneficially use this information to pro-
duce or construct useful objects, such as a parking lot, for
example. Most users find standing water in parking lots to be
an 1rritation, so the design of a parking lot should seek to
mimmize this problem. One strategy 1s to provide drains at
intervals. Near the drain, all sides of the parking lot slope
toward that drain for a certain distance until reaching the
midpoint to the next drain. Because, when using conventional
means, 1t takes a very skilled operator to produce such a
profile, many parking lots fail to meet this 1deal. However, i
the earthmoving machine that prepares the base for such a
parking lot could be controlled 1n three-dimensional space, it
would be easy to produce such a parking lot. The operator
would be able to merely drive through the pertinent construc-
tion area, and the blade could be controlled to automatically
move 1 a manner to produce the desired result.

For example, the laser recerver 400 could be used as the
“transducer” to provide the three-dimensional information to
the control system for automatically positioning the blade. I
the parking lot 1s a centimeter or so larger or smaller, 1t 1s of
little concern. But the drainage of the water often depends
critically on controlling the vertical dimension to a desired
tolerance within millimeters. And because the slope for drain-
age 15 so small (1.e., the sloped surface’s angle 1s small com-
pared to the horizontal plane), a slight error 1n horizontal
position results only 1n very small vertical errors. Thus the
measurement characteristics of the laser receiver 400 should
fit quite well with the practical requirements for a three-
dimensional position transducer to be used 1n these types of
construction applications.

FIG. 6 depicts the major components of the electronic
hardware, as a block diagram, for the first embodiment 10 of
the present invention. The photodiode array 14 produces one
or more signals which are amplified and supplied to a position
processor 40 (e.g., a microprocessor or other type of comput-
ing device). A laser distance measurement (LDM) device 50
with 1ts associated visible marking laser 52 1s also connected
to the position processor 40.

It should be noted that the amplifiers 42 and 44 are utilized
to create two different “channels™ of electrical signals that are
received from the photodetector array 14. The signals pro-
duced by the photodetector array 14 can be signal conditioned
and amplified 1n many different ways to achieve various ben-
eficial effects 1n a laser recerver product. Many different types
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of amplifier circuits have been used 1n the past for laser
receivers to create signals that can be directed to a position
processor device, such as the position processor 40 in the
present invention. There are many examples of different types
of amplifier circuits, including those patented by Apache
Technologies, Inc. of Dayton, Ohio. A list of such patent
properties 1s included below, and these patent properties are
incorporated herein by reference.

The position processor 40 also receives mputs from an
operator keypad 32. Using this information, the position pro-
cessor drives an acoustical output device 60 (a piezo-electric
speaker, for example) and a display. The acoustic output
device informs the operator whether the detector 1s above
grade, below grade, or on-grade. The acoustic output device
also makes a special sound when a laser distance measure-
ment 1s correctly made, and the elevation display 16 shows the
distance that was measured. A level vial 12 1s also included to
serve the operator as a visual indication of whether the device
1s plumb.

The level vial 12 1s a visual hardware device, and has no
clectrical inputs or outputs. Therefore, it 1s 1llustrated on the

block diagram of FIG. 6, but there are no signal connections
to or from the level vial.

FIG. 7 depicts the major components of the electronic
hardware, as a block diagram, for the second embodiment 100
of the present invention. In this embodiment, there could be a
specially-connected photodiode array 114, or there could be
no photodiode “array” as such, but instead a “rod sensor” 114
could be provided. A preferred laser light “rod sensor™ 1s a
special type of laser light sensor that 1s able to accurately
measure the position of the beam impact, anywhere in the
sensor’s elfective detection range, which 1s typically more
than 4 inches (10 cm) 1n vertical distance. An example of this

type of rod sensor laser light sensor 1s disclosed in Published
Application US 2003/0174305 Al (now U.S. Pat. No. 7,110,

092); and also, see PCT publication WO 2006/048007 Al.
The rod sensor 114 produces one or more signals which are
amplified (by amplifiers 42 and 44) and supplied to a position
processor 140. A laser distance measurement (LDM) device
50, with 1ts associated visible marking laser 52, 1s also con-
nected to the position processor 140.

The position processor 140 combines data from the rod
sensor device 114 and the laser distance meter 50 to compute
the elevation of the target point. The position processor also
receives mputs from an operator keypad 32. Using this infor-
mation, the position processor drives an acoustical output
device 60 (a piezo-electric speaker, for example) and an
clevation display 116. The acoustic output device 60 informs
the operator whether the detector 1s above grade, below grade,
or on-grade. It also makes a special sound when a laser
distance measurement 1s correctly made, and the display 116
shows the distance that was measured. A level vial 12 1s also
included to serve the operator as a visual indication of
whether the device 1s plumb.

FIG. 8 depicts the major components of the electronic
hardware, as a block diagram, for the third embodiment 200
ol the present invention. In this embodiment, the “rod sensor”
114 discussed above again can be provided, which 1s a special
type of laser light sensor that 1s able to accurately measure the
position of the beam anywhere 1n 1ts effective range, which 1s

typically more than 4 inches (10 cm) 1n vertical distance. (See
Published Application US 2003/0174305 Al (now U.S. Pat.

No. 7,110,092), and also PCT publication WO 2006/048007
Al.) The rod sensor 114 produces one or more signals which
are amplified (by amplifiers 42 and 44) and supplied to a
position processor 240.
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A laser distance measurement (LDM) device 50 with 1ts
associated visible marking laser 52 1s also connected to the
position processor 240. A gravity reference sensor 246 makes
measurements which can be used to automatically compute
the angle of the device with respect to gravity—mnote: this 1s
angle “A” on FIG. 3. The position processor 240 combines
data from the photodiode array 114 (or rod sensor), the laser
distance meter 50, and the gravity reference sensor 246 to
compute the elevation of the target point, a distance “L” on
FIG. 3. The position processor 240 receives mputs from an
operator keypad 32. Using this information, position proces-
sor 240 drives an acoustical output device 60 (a piezo-electric
speaker, Tor example) and a display 216. The acoustic output
device 60 informs the operator whether the detector 1s above
grade, below grade, or on-grade. It also makes a special sound
when a laser distance measurement 1s correctly made, and the
clevation display 216 shows the distance (L) that was mea-
sured.

FIG. 9 depicts the major components of the electronic
hardware, as a block diagram, for the fourth embodiment 300
of the present invention. In this embodiment, the “rod sensor™
114 discussed above again can be provided, which 1s a special
type of laser light sensor that 1s able to accurately measure the
position of the beam anywhere 1n 1ts effective range, which 1s

typically more than 4 inches (10 cm) 1n vertical distance. (See
Published Application US 2003/0174305 Al (now U.S. Pat.

No. 7,110,092), and also PCT publication WO 2006/048007
Al.) The rod sensor 114 produces one or more signals which
are amplified (by amplifiers 42 and 44) and supplied to a
position processor 340,

A laser distance measurement (LDM) device 50 with 1ts
associated visible marking laser 52 1s also connected to the
position processor 340. A gravity reference sensor 246 makes
measurements which can be used to compute the angle of the
device (1.e., angle “B” on FI1G. 4) with respect to gravity. The
position processor 340 combines data from the rod sensor
device 114 (or a photodiode array), the laser distance meter
50, and the gravity reference sensor 246 to compute the eleva-
tion of the target point. The position processor recerves mputs
from an operator keypad 32. Using this information, the posi-
tion processor drives an acoustical output device 60 (a piezo-
clectric speaker, for example) and a display. The acoustic
output device 60 informs the operator S whether the detector
1s above grade, below grade, or on-grade. It also makes a
special sound when a laser distance measurement 1s correctly
made, and the elevation display 316 shows the distance (1.¢.,
distance “K” on FIG. 4) that was measured.

In addition to the above, in this fourth embodiment, a
special key 332 (or a key sequence using the keypad 32) can
be used to place the recerver unit 300 1n an automatic mea-
surement mode, such that repeated measurements are made
(or “sampled™) at specified intervals whenever certain prede-
termined conditions are met. These conditions can be, for
example, when the gravity reference sensor 246 1s stable and
the receiver 1s 1n the transmitter laser level plane 22. Once the
user hears the “special sound” noted above, he or she knows
that a “good sample” has been taken by the receiver unit 300,
and he/she can then move the receiver 300 from the laser
plane 22. This action will terminate the previous status of
being with the “certain predetermined conditions,” and the
laser receiver unit 300 will automatically stop taking new
samples, and now will “memorize” the most recent sample
and display that value on the digital readout 316 for the user
5.

FIG. 10 depicts the same type of laser receiver circuit as
was described in FIG. 9, with the addition of a GPS receiver
circuit 460, which represents a filth embodiment of the
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present invention, generally designated by the reference
numeral 400. The laser receiver circuit 340 of FIG. 9 can
accurately determine an elevation of interest within millime-
ters, whereas a GPS receiver 1s not nearly that accurate in the
vertical dimension (1.e., perpendicular to the Earth’s surface).
On the other hand, a GPS receiver 1s typically at least twice as
accurate 1n determining a horizontal position (1.e., a point 1n
the plane that 1s parallel to the Earth’s surface) than it 1s in
determining the vertical position. Therefore, a combination
ol the laser recerver circuit 340 of FIG. 9 and a GPS recetver

will provide a more accurate instrument for determimng
three-dimensional positions.

In one mode of the invention, the GPS receiver 460 ot FIG.
10 could be a stand-alone unit that has an electronic output
signal containing positional information for three dimensions
(3-D) and outputs that 3-D data to another instrument; or
more preferred, 1t could be a module that 1s designed for
interfacing directly with a microprocessor or microcontroller
integrated circuit chip, 1n which the three-dimension posi-
tional data signal from the GPS recetver module 460 1s
directed along a circuit pathway 462. The position processor
440 will use the horizontal position information (e.g., latitude
and longitude) received from the circuit pathway 462, but will
ignore the height (elevation/altitude) information sent by the
GPS recerver 460. Instead, the position processor 440 oper-
ates by executing software that will use the elevation infor-
mation that has been determined by the photodetector 114,
the laser distance measurement device 50, and the gravity
reference device 246. The result 1s a more accurate vertical
position, and this combination of information creates a three-
dimension positional fix, which can be used on a construction
jobsite for various purposes, as discussed above.

It should be noted that the GPS receiver depicted in FI1G. 10

can also be used 1n combination with the other embodiments
of the present invention, for example, the embodiments
depicted 1n FIG. 6, FIG. 7, or FIG. 8. Of course, such alter-
native embodiments would have certain limitations as com-
pared to that of the embodiment of FIG. 10, but a three-
positional fix could nevertheless be obtained, having a more
accurate vertical component that that which 1s available from
a GPS recerver alone.

The terminology used 1n the claims 1includes the following
phrases that include, but are not restricted to, the following,
meanings:

(a) The “first distance” refers to the distance that 1s deter-
mined by the LDM unit (using its visible light marker/laser
spotter), such as the distance 18 on FIG. 1 or FIG. 3. This first
distance 1s preferably in the vertical direction only, using a tilt
device to indicate or correct for angular tilt. The “t1lt device”
could be a mechanical device such as a level vial, or 1t could
be an automatic sensing device such as a gravity sensor. In the
embodiments that use a gravity sensor and thus can have
automatic compensation for angular tilt, the first distance
typically will be “corrected” by another (angle) signal derived
from the gravity sensor, so that the corrected first distance
represents only the vertical component of the actual distance
that 1s measured by the LDM (such as the distance “L” on
FIG. 3). It should be noted, however, that there would be an
inherent additional small distance “built-in” to the first dis-
tance value to represent the vertical distance between the
bottom of the housing (which 1s where the LDM would typi-
cally be located) and the “on-grade position” of the photode-
tectors that intercept the laser light beams. This additional
built-in small distance could be automatically corrected
(compensated) by the gravity sensor’s output signal (if a
gravity sensor 1s part of the laser receiver), so that only the
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vertical component of the additional built-in small distance 1s
used for this first distance calculation.

(b) The “second distance” refers to the actual (vertical)
distance between the laser receiver’s “on-grade position™ (as-
suming the laser recerver 1s not currently at the “on-grade
position”) and the plane of rotating laser light. For example, 11
the laser recerver 1s currently at the on-grade position, then the
second distance would be equal to zero. In an actual laser
receiver, the second distance typically would be a relatively
short distance, no greater than the actual length (or height) of
the photodetector built into the laser receiver. This second
distance could also be automatically corrected (compensated)
for a non-vertical orientation of the housing when the reading
1s taken, 1f the housing also contains a gravity sensor.

(c) The “relative location™ refers to the current position of
the laser receiver with respect to the plane of rotating laser
light. Typically this information 1s presented as being “on-
grade”, “above grade”, or “below grade”. Conceptually, this
1s the same physical parameter as the “second distance”
referred to above, however, the relative location does not
necessarily provide (or attempt to determine) the actual dis-
tance between an above grade position and the laser plane, for
example. Instead, this parameter 1s sometimes (or often) pre-
sented on the display of many commercially available laser
receivers merely as an above grade or below grade state, but
the amount (1.e., the actual distance) of “above” or “below” 1s
not necessarily known.

(d) The “relative elevation” can refer to more than one
parameter. In general, the relative elevation 1s the vertical
distance between the external position (the spot where the
LDM’s visible light marker 1s “painted™) and the plane of
rotating laser light. However, this relative elevation could
have other meanings, if desired, such as the elevation of the
external position with respect to sea level, or the elevation
above sea level of the laser receiver’s housing, or the differ-
ential elevation of the laser receiver’s housing with respect to
the above-noted “external position,” or the differential eleva-
tion of the laser recetver’s housing with respect to the above-
noted plane of rotating laser light. If the relative elevation 1s to
be displayed with respect to sea level, then sea level elevation
of the external laser light source (e.g., a rotating laser beam
that creates a plane of laser light) will need to be known, and
that information would also need to be transmitted or pro-
grammed 1nto the laser recerver unit. Potentially, that sea level
clevation information could instead be determined using a
GPS receiver built into the laser recetver unit, but that GPS
vertical position (or altitude) information would be less accu-
rate than the “normal” laser recerver capabilities of determin-
ing elevation.

It will be understood that an array of photodiodes and
amplifier units can be used along with a corresponding “spe-
cial” position processor, 1n lieu of the rod sensor 114 that 1s
discussed 1n reference to the above second, third, and fourth
embodiments of the present invention, without departing
from the principles of the present invention. These “special”
devices would make it possible for the laser recerver units
100, 200, or 300 to intercept the rotating laser light beam 22
at other grade positions than on-grade, and still successtully
operate.

It will also be understood that the logical operations
described 1n relation to the processing circuitry of the present
invention can be implemented using sequential logic, such as
by using microprocessor technology, or using a logic state
machine, or perhaps by discrete logic; 1t even could be imple-
mented using parallel processors. One embodiment may use
a microprocessor or microcontroller to execute software

instructions that are stored in memory cells within an ASIC.
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In fact, the entire microprocessor or a microcontroller, along
with RAM and executable ROM, possibly could be contained
within a single ASIC, 1n one mode of the present invention. Of
course, other types of circuitry could be used to implement
these logical operations depicted in the drawings without
departing from the principles of the present invention.
Various types of laser recerver amplifier and sensitivity
circuits could be used in conjunction with the present inven-
tion, many of which are already patented, and some of which
have patent applications now pending. Examples of such
patents and applications include United States patents
assigned to Apache Technologies, Inc. of Dayton, Ohio,
include U.S. Pat. No. 7,012,237/, for a Modulated Laser Light
Detector; U.S. Pat. No. 6,133,991, for a Multi-segment Com-
posite Photocell Device; U.S. Pat. No. 5,486,690, for a
Method and Apparatus for Detecting Laser Light; U.S. Pat.
No. 5,471,049 for a Light Detecting Apparatus Having Low
Noise Automatic Gain Control Circuit; and U.S. Pat. No.
5,343,033, for a Method and Apparatus for Detecting Laser
Light Having a Plurality of Pulse Integrator and Automatic
Gain Control Circuits. In addition, United States patent appli-

cations assigned to Apache Technologies, Inc. of Dayton,
Ohio, 1include U.S. patent application Ser. No. 11/082,041

filed on Mar. 16, 2005; titled Modulated Laser Light Detector
With Improved Range; U.S. patent application Ser. No.
11/303,488 filed on Dec. 16, 2005; titled Modulated Laser
Light Detector With More Efficient Beam Detection Algo-
rithm; U.S. patent application Ser. No. 10/343,538 filed on
Jan. 31, 2003; titled Measuring Device And Measuring
Method For Determining Distance And/Or Position; and U.S.
patent application Ser. No. 11/414,383 filed on Apr. 28, 2006;
titled Modulated Laser Light Detector With Discrete Fourier
Transtorm Algorithm.

All documents cited 1n the Background of the Invention
and 1n the Detailed Description of the Invention are, 1n rel-
evant part, incorporated herein by reference; the citation of
any document 1s not to be construed as an admaission that 1t 1s
prior art with respect to the present invention.

The foregoing description of a preferred embodiment of
the invention has been presented for purposes of illustration
and description. It 1s not intended to be exhaustive or to limait
the invention to the precise form disclosed. Any examples
described or illustrated herein are intended as non-limiting
examples, and many modifications or variations of the
examples, or of the preferred embodiment(s), are possible 1n
light of the above teachings, without departing from the spirit
and scope of the present invention. The embodiment(s) was
chosen and described 1n order to 1llustrate the principles of the
invention and 1ts practical application to thereby enable one
of ordinary skill 1n the art to utilize the ivention 1n various
embodiments and with various modifications as are suited to
particular uses contemplated. It 1s intended to cover 1n the
appended claims all such changes and modifications that are
within the scope of this invention.

The mvention claimed 1s:

1. A laser light receiver, comprising;

a housing;

a first laser light photosensor, which generates a first signal
if recerving a beam of laser light energy from an external
laser light source;

a visible readout to 1indicate 11 said laser light receiver 1s
substantially on-grade with respect to said beam of laser
light energy;

a visible light marker;

a distance measuring device that uses a second laser light
source and a second laser light photosensor, said dis-
tance measuring device being used to substantially
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determine a first distance between said second laser light
photosensor and a predetermined external position, as
selected by a user of said laser light receiver apparatus
while aiming said visible light marker, said second laser
light photosensor generating a second signal if receiving
reflected laser light energy from said second laser light
SOurce;

a level vial; and

a processing circuit that recerves said first signal and said
second signal;

wherein said housing, said first laser light photosensor, said
distance measuring device, said level vial, said visible
readout, and said processing circuit are assembled as a
unmitary hand-held apparatus.

2. The laser light receiver as recited in claim 1, wherein said
processing circuit 1s configured to:

(a) substantially determine a relative location of said laser
light recerver with respect to said beam of laser light
energy, and 11 said relative location 1s on-grade, to output
a third signal to said visible readout;

(b) substantially determine a corrected first distance, based
upon said second signal and an inherent distance due to
component positioning within said housing; and

(c) substantially determine a relative elevation between
said predetermined external position and said beam of
laser light energy, based upon said corrected first dis-
tance 1i said relative location 1s substantially on-grade,
and 11 said laser light recetver 1s substantially level.

3. The laser light recerver as recited in claim 2, wherein said
level vial 1s visually read by said user so as to allow said laser
light recerver to be held 1n an orientation that 1s substantially
level while said processing circuit determines said relative
clevation.

4. The laser light recerver as recited in claim 2, further
comprising an acoustic output device; wherein 11 said relative
location 1s substantially on-grade, said processing circuit 1s
turther configured to output a fourth signal causing an audible
tone to be generated by said acoustic output device.

5. The laser light recerver as recited in claim 1, wherein said
first signal generated by the first laser light photosensor
includes sufficient information that allows said processing
circuit to substantially determine a second distance between
said beam of laser light energy and a current position of said
laser light receiver.

6. The laser light receiver as recited 1n claim 5, wherein said
first laser light photosensor comprises one of:

(a) aplurality of photodetector elements that each individu-
ally output one of a first plurality of electrical signals 1f
impacted by said beam of laser light energy, in which
said first plurality of electrical signals 1s used by said
processing circuit to substantially determine said second
distance; and

(b) a rod sensor comprising an elongated light pathway
having two ends and two photodetector elements, one of
said photodetector elements positioned at each of said
two ends of the light pathway, said photodetector ele-
ments each individually outputting one of a second plu-
rality of electrical signals, 1n which said beam of laser
light energy 1mpacts said rod sensor at a location along
the elongated light pathway, and the second plurality of
clectrical signals 1s used by said processing circuit to
substantially determine said second distance.

7. The laser light recerver as recited in claim 3, wherein said
processing circuit 1s further configured to:

5

10

15

20

25

30

35

40

45

50

55

60

65

16

(a) substantially determine a relative location of said laser
light recerver with respect to said beam of laser light
energy, and to output a third signal to said visible read-
out;

(b) substantially determine a corrected first distance, based
upon said second signal and an inherent distance due to
component positioning within said housing; and

(¢) substantially determine said relative elevation between
said predetermined external position and said beam of
laser light energy, based upon said corrected first dis-
tance and said second distance, and 1 said laser light
receiver 1s substantially level.

8. The laser light receiver as recited 1in claim 7, wherein said
level vial 1s visually read by said user so as to allow said laser
light recerver to be held 1n an orientation that 1s substantially
level while said processing circuit determines said relative
clevation.

9. A laser light recerver, comprising;:

a housing;

a first laser light photosensor, which generates a first signal
if recerving a beam of laser light energy from an external
laser light source;

a visible readout to indicate 11 said laser light receiver 1s
substantially on-grade with respect to said beam of laser
light energy;

a visible light marker;

a distance measuring device that uses a second laser light
source and a second laser light photosensor, said dis-
tance measuring device being used to substantially
determine a first distance between said second laser light
photosensor and a predetermined external position, as
selected by a user of said laser light receiver apparatus
while aiming said visible light marker, said second laser
light photosensor generating a second signal 1f receiving
reflected laser light energy from said second laser light
SOUICe;

a gravity sensor that generates a third signal that 1s sub-
stantially indicative of an angular orientation of said
housing with respect to gravity; and

a processing circuit that receives said first signal, said
second signal, and said third signal;

wherein said housing, said first laser light photosensor, said
distance measuring device, said gravity sensor, said vis-
ible readout, and said processing circuit are assembled
as a unitary hand-held apparatus.

10. The laser light recetver as recited 1n claim 9, wherein

said processing circuit 1s configured to:

(a) substantially determine a relative location of said laser
light receiver with respect to said beam of laser light
energy, and if said relative location 1s on-grade, to output
a fourth signal to said visible readout;

(b) substantially determine a corrected first distance, based
upon said second signal, an inherent distance due to
component positioning within said housing, and said
third signal to compensate for the angular orientation of
said housing with respect to gravity; and

(c) substantially determine a relative elevation between
said predetermined external position and said beam of
laser light energy, based upon said corrected first dis-
tance and said second distance, 11 said relative location 1s
substantially on-grade.

11. A laser light recerver, comprising:;

a housing;

a first laser light photosensor, which generates a first signal
if recerving a beam of laser light energy from an external
laser light source, said first signal being indicative of a
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second distance between said beam of laser light energy
and an on-grade position of said laser light recerver;

a visible light marker;

a distance measuring device that uses a second laser light
source and a second laser light photosensor, said dis-
tance measuring device being used to substantially
determine a first distance between said second laser light
photosensor and a predetermined external position, as
selected by a user of said laser light receiver apparatus
while aiming said visible light marker, said second laser
light photosensor generating a second signal 1f receiving
reflected laser light energy from said second laser light
SOUrce;

a gravity sensor that generates a third signal that 1s sub-
stantially indicative of an angular orientation of said
housing with respect to gravity;

a visible readout to indicate a relative elevation; and

a processing circuit that receirves said first signal, said
second signal, and said third signal;

wherein said housing, said first laser light photosensor, said
distance measuring device, said gravity sensor, said vis-
ible readout, and said processing circuit are assembled
as a unitary hand-held apparatus.

12. The laser light receiver as recited 1n claim 11, wherein

said processing circuit 1s configured to:

(a) substantially determine said second distance based
upon said {first signal;

(b) substantially determine a corrected first distance, based
upon said second signal, an inherent distance due to
component positioning within said housing, and said
third signal to compensate for the angular orientation of
said housing with respect to gravity;

(c) substantially determine said relative elevation, which 1s
a vertical distance between said predetermined external
position and said beam of laser light energy, based upon
sald corrected first distance and said second distance:
and

(d) output a fourth signal to said visible readout so as to
display said relative elevation.

13. The laser light receiver as recited in claim 11, wherein

said processing circuit 1s configured to:

(a) substantially determine said second distance based
upon said first signal;

(b) substantially determine a corrected first distance, based
upon said second signal, an inherent distance due to
component positioning within said housing, and said
third signal to compensate for the angular orientation of
said housing with respect to gravity;

(c) substantially determine said relative elevation, based
upon said corrected first distance and said second dis-
tance; and

(d) output a fourth signal to said visible readout so as to
display said relative elevation;

wherein said relative elevation 1s displayed 1n terms of one
of:

(¢) elevation of said predetermined external position with
respect to sea level;

(1) elevation of said housing with respect to sea level;

(g) elevation of said housing with respect to said beam of
laser light energy; and

(h) elevation of said housing with respect to said predeter-
mined external position.

14. The laser light recerver as recited in claim 12, further
comprising an mput control device actuatable by a user that
places said laser light recerver into an automatic measurement
mode, such that said processing circuit 1s further configured
to substantially determine said relative elevation on a repeti-
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tive basis and, if predetermined conditions occur, to store in a
memory circuit at least one value of said relative elevation.

15. The laser light recerver as recited in claim 14, wherein
said at least one stored value of said relative elevation 1s
displayed on said visible readout.

16. The laser light recerver as recited 1n claim 14, further
comprising an audible output device that generates an audible
signal upon the occurrence of said predetermined conditions,
and after at least one value of said relative elevation has been
stored 1n said memory circuit.

17. A laser light recerver, comprising:

a housing;

a first laser light photosensor, which generates a first signal
if rece1rving a beam of laser light energy from an external
laser light source, said first signal being indicative of a
second distance between said beam of laser light energy
and an on-grade position of said laser light receiver;

a visible light marker;

a distance measuring device that uses a second laser light
source and a second laser light photosensor, said dis-
tance measuring device being used to substantially
determine a first distance between said second laser light
photosensor and a predetermined external position, as
selected by a user of said laser light receiver apparatus
while aiming said visible light marker, said second laser
light photosensor generating a second signal if receiving,
reflected laser light energy from said second laser light
SOUrCe;

a GPS (global positioning sensor) recerver that generates a
third signal that 1s indicative of a position with respect to
the Earth’s surface;

a tilt indication device;

a visible readout to indicate a relative elevation between
said predetermined external position and said beam of
laser light energy; and

a processing circuit that recerves said first signal, said
second signal, and said third signal;

wherein:

(a) said housing, said first laser light photosensor, said
distance measuring device, said tilt indication device,
said visible readout, said GPS receiver, and said process-
ing circuit are assembled as a unitary hand-held appara-
tus; and

(b) said processing circuit1s configured to: (1) use said third
signal 1s to substantially determine a position 1n the
horizontal plane with respect to the Earth’s surface, and
(11) use said first and second signals to substantially
determine said relative elevation, based upon said first
distance and said second distance.

18. The laser light recerver as recited in claim 17, wherein
said relative elevation based on said first and second signals
has greater accuracy than an elevation fix based upon said
third signal generated by said GPS receiver.

19. The laser light receiver as recited 1n claim 17, wherein
said tilt indication device comprises a level vial.

20. The laser light recerver as recited 1n claim 17, wherein
said tilt indication device comprises a gravity sensor that
generates a fourth signal that 1s substantially indicative of an
angular orientation of said housing with respect to gravity,
and wherein said processing circuit recerves said fourth signal
and uses it to compensate for the angular orientation of said
housing with respect to gravity.

21. The laser light recerver as recited 1n claim 17, wherein
said visible readout indicates 11 said laser light receiver 1s one
of: (a) substantially on-grade with respect to said beam of
laser light energy; (b) above grade with respect to said beam
of laser light energy;
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and (c) below grade with respect to said beam of laser light
cnergy.

22. The laser light recerver as recited in claim 17, wherein

said first laser light photosensor comprises one of:

(a) aplurality of photodetector elements that each individu-
ally output one of a first plurality of electrical signals 1f
impacted by said beam of laser light energy, 1n which
said first plurality of electrical signals 1s used by said
processing circuit to substantially determine said second
distance; and

(b) a rod sensor comprising an elongated light pathway
having two ends and two photodetector elements, one of
said photodetector elements positioned at each of said
two ends of the light pathway, said photodetector ele-
ments each individually outputting one of a second plu-
rality of electrical signals, in which said beam of laser
light energy 1mpacts said rod sensor at a location along
the elongated light pathway, and the second plurality of
clectrical signals 1s used by said processing circuit to
substantially determine said second distance.

23. A method for determining an elevation, said method

comprising;

providing a laser light recerver having: a housing, a first
laser light photosensor that generates a first signal 1f
receiving a beam of laser light energy from an external
laser light source, a visible readout, a visible light
marker, a distance measuring device that uses a second
laser light source and a second laser light photosensor, a
level vial, and a processing circuit;

aiming said visible light marker at a predetermined exter-
nal position, while holding said housing at a substan-
tially level orientation, as indicated by said level vial;

determining substantially a first distance between said sec-
ond laser light photosensor and said predetermined
external position, by use of said distance measuring
device:

determining substantially a second distance of said laser
light receiver with respect to said beam of laser light
energy; and

determining substantially a relative elevation between said
predetermined external position and said beam of laser
light energy, based upon said first distance and said
second distance.

24. The method as recited 1n claim 23, further comprising,
the step of generating an audible tone by an acoustic output
device 11 said housing 1s on-grade.

25. The method as recited 1n claim 23, further comprising
the step of automatically determining said relative elevation,
even 11 said housing 1s not on-grade.

26. A method for determining an elevation, said method
comprising;
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providing a laser light receiver having: a housing, a first
laser light photosensor that generates a first signal 1f
receiving a beam of laser light energy from an external
laser light source, a visible readout, a visible light
marker, a distance measuring device that uses a second
laser light source and a second laser light photosensor, a
gravity sensor which generates a tilt-angle signal that 1s
substantially indicative of an angular orientation of said
housing with respect to gravity, and a processing circuit;

aiming said visible light marker at a predetermined exter-
nal position, while holding said housing at auser-desired
orientation;

determiming substantially a first distance between said sec-

ond laser light photosensor and said predetermined
external position, by use of said distance measuring
device;

determining substantially a second distance of said laser

light receiver with respect to said beam of laser light
energy; and

determiming substantially a relative elevation, based upon

said first distance and said second distance.

277. The method as recited 1n claim 26, further comprising,
the step of automatically determining said relative elevation,
even 1f said housing 1s not on-grade.

28. The method as recited 1n claim 26, further comprising,
the step of automatically determining said relative elevation,
even 11 said housing 1s not oriented so as to be level, by:

(a) determining substantially a corrected second distance

using said tilt-angle signal; and

(b) determiming substantially a corrected first distance

using said tilt-angle signal, and an inherent distance due
to component positioming within said housing.

29. The method as recited 1n claim 26, further comprising
the step of displaying said relative elevation on said visible
readout.

30. The method as recited in claim 29, wherein said relative
clevation 1s displayed 1n terms of a vertical elevation between
said beam of laser light energy and said predetermined exter-
nal position.

31. The method as recited in claim 29, wherein said relative
clevation 1s displayed 1n terms of one of:

(a) elevation of said predetermined external position with

respect to sea level;

(b) elevation of said housing with respect to sea level;

(¢) elevation of said housing with respect to said beam of
laser light energy; and

(d) elevation of said housing with respect to said predeter-
mined external position.
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